1. Introduction. -There exist at least two ways of presenting a review topic such as the present topic. One approach, taken most frequently is particularly applicable to well defined and confined research areas. In this case a total overview of the present status of research can be given. For broad research areas consisting of overlapping disciplines such as the field of high density plasma research, it is impossible to take this approach within the boundary conditions of a journal publication. The alternative is to restrict the presentation to a few selected topics which are presently under active study. I have chosen to follow this route by giving an overview of some work being done presently in Munich. The discussion will touch on the fields of plasma diagnostics and report on some recent transport property work.
The research in the discussed areas has been stimulated by applications of high pressure arc discharges such as high power circuit breakers and arc heaters (plasmatrons) for atmospheric entry simulation or for plasma chemistry. Following the generally accepted nomenclature, high pressure arc discharges cover the pressure range from atmospheric pressure to several hundreds of atmospheres, the temperatures found in steady state discharges extend to approximately 30 000 K. This combination of pressure/temperature values provides for the condition of local thermodynamic equilibrium to hold in general in such discharges, exceptions being small areas with exceedingly large temperature gradients and discharges in a few selected gases, such as helium. On the other hand, radiation reabsorption may play an important role in the energy balance of such discharges. Plasma diagnostical applications as well as transport property work directed toward the determination of the radiative source strength and the thermal conductivity of plasmas may be affected by absorption.
2. Diagnostics of high pressure discharges. -For the development of plasma diagnostical techniques per se as well as for the generation of atomic data, useful for spectroscopic and interferometric applications, the cascade arc as described by Maecker [I] provides an excellent tool. Originally this type of arc had been designed for transport property work. In this application, the absence of convective energy losses of the column, together with the perfect cylindrical symmetry are the desirable features. In diagnostical applications, the symmetry of this discharge type is equally important ; in addition however, it provides special advantages for work in the Vacuum-UV (VUV)-region. Figure 1 gives Thus, in end-on observation through a hollow electrode, even the resonance radiation which originates in the central cascade section can leave the cascade without significant absorption in the outer cold layers of gas of identical or of different chemical species. Instead of using a gas blanket in the end region of the arc, it is equally possible, to evacuate this region by differential pumping. Boldt [2] used the blanket technique to produce a VUV radiation standard consisting of optically thick blackbody limited resonance lines.
More recently Behringer, Gieres and Ott [3] approached the realisation of a radiation standard in the VUV-region differently by proposing for this purpose the use of the continuous radiation emitted from a wall stabilized hydrogen arc under optically thin conditions. In this application, the high power density capability of the cascade arc plays the important role. By operating the arc at high arc currents, gas temperatures exceeding 20 000 K may be reached in the axis of the hydrogen column. On the other hand, the so called norm temperature of the hydrogen continuous radiation in the wavelength range between 150 nm and 250 nm lies below 20 000 K (Fig. 2) . The norm temperature is the temperature at which the emission coefficient of a .particular radiative mechanism exhibits a maximum for the given pressure level (FowlerMilne maximum). This temperature maximum is due to the counteracting effects of increasing degree of ionisation with rising temperature and decreasing total number density. In arc discharges with offaxis maxima of emission coefficients ( &, ) the centerline temperature is higher than the norm temperature. Following the method described by Larenz [4] this &,-maximum which is exactly known from theory, may be used for calibration purposes for the rest of the radiation leaving the column. By using a hydrogen cascade arc of 2 mm diameter and 5.3 cm length at arc currents between 60 A and 100 A a norm temperature primary radiation standard for the VUV region was established. The particular merits of this standard are its insensitivity to misalignments (themajor part of the arc diameter exhibits nearly identical emission coefficients) and to uncertainties in the arc current.
In a recent publication [5] this continuum radiation emitted under conditions of small optical depth from a hydrogen cascade arc was compared to synchroton radiation which also serves as radiation standard. For the wavelength range extending from 175-340 nm it results excellent agreement. The ratio of the two spectral radiances has a mean value of 1.03 and thereby remains well within the uncertainties due to calibration. By using the hydrogen continuum radiation standard, new sets of argon atomic data have been generated from cascade arc measurements [6, 71 . In this experiment, it was possible to use the same arc chamber for the argon runs (measurement of line and continuum intensities) and for the runs with hydrogen (absolute calibration of the total optical system).
Transition probabilities for UV ArII lines [6] A,,/108 s-' Ref. [ [9] are also listed.
The results of the argon continuum measurements in the V W range are shown in figure 3 for three different arc currents. A comparison with theoretical emission coefficients computed by using Schliiters [lo] approach for the determination of the <-factor demonstrates excellent agreement for low temperatures (T = 16 900 K). At high temperatures (T = 21 500 K) the deviation becomes substantial in the range 140-230 nm, c.e. close to the recombination edges for A(II1) + A(I1). Behringer and Thoma assume that the excess radiation found in this region may be due [7] .
to high lying Ar(I1) levels which are strongly broadened and thereby lead to a pseudo-continuum.
3. Transport properties of nitrogen and air. -The cascade arc technique for the determination of transport properties has proven its usefulness during the past decade [Ill. The properties which can be determined as function of temperature and pressure from measurements on wall stabilized arcs are : o (electrical conductivity), k (thermal conductivity), e (radiation source strength), q (viscosity). In cylindrical arc columns with negligible radiation reabsorption, the energy equation for an element of volume is given by the well publicized Elenbaas-Heller equation :
where the first term corresponds to the energy input by Ohmic heating (E = electric fieldstrength), while the second and third terms of eq. (1) are loss terms relating to thermal conduction and optically thin radiation respectively.
Unfortunately, arc discharges operating in gases which are useful in applications, such as Ar, N2, air and with temperatures exceeding 10 000 K usually are influenced by radiation reabsorption. In this case, a detailed study of the radiative processes and the corresponding photon path length A, , has to be carried out to insure the validity of eq. (1) in cases where the mean value A,, is large compared to the geometrical dimensions of the discharge. This-condition is practically never fulfilled for resonance radiation leading to the ground state of the particular system. However, as Kopainsky [12] has shown for argon discharges, it may be possible to treat this resonance radiation as a photon diffusion process, leading to an additional contribution to the thermal conductivity. In this case, the k(T) determined from the experiment will exceed the theoretical values which contain only the contact conductivities of the different species together with the transport of excitation and ionisation energies. Regardless of the absorption condition, the electrical conductivity can always be obtained directly from the solution of the integral eq. (2) limits of the method. Thus, the electrical but not the radiative energy input to the volume element are known in eq.
( 1 ) . The problem associated with radiation reabsorption corresponding to photon path lengths which are of the order of magnitude of the plasma dimensions, arises from the fact that in this case the radiative term of eq.
(1) has to be written as a balance term between energy emitted e and energy absorbed a :
While e = e(T) is a function of temperature only, a contains the absorption coefficient and therefore depends on the local temperature. However, it also is influenced by the T(r) profile and by the arc geometry.
Due to the lack of the relevant atomic data, exact computations of the different radiative processes are impossible in complex spectra, such as nitrogen or air. For the determination of the thermal conductivity and the radiative source strength from cascade arc experiments with non-negligible absorption there exists a special technique described first by Asinovsky 
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The energy balance (7) may be solved for the thermal conductivity k :
Assuming that a sufficient dense series of T(p, G/R2) profiles has been measured in arcs of different radii, an extrapolation for a selected G/R2 = const. value towards a profile T(p -, 0, G/R2 = const.) may ,be + performed. Figure 5 gives a schematic of the type of L data extrapolation which is to be performed for dBe- dp dT 1 TEMPERATURE / I O~K P (ER)' 1 rp' dpf R2 l:ep'dp'
FIG. 7. --Air thermal conductivity [13] .
Pdp PG Y
10
Having o(T) determined from eq. (2), the following $ 8 procedure may be applied to determine k(T) in absorb-> ing arcs : At low temperatures, radiation plays no
role, consequently the second term of eq. (8) is negligible and k may be determined directly from the 8 , first term which contains only known quantities. a At higher temperature, radiation emission e will start g 2 to play a role. Having measured the total radiation P, , I leaving the column per unit length e(T) may be determined by a numerical procedure similar to the one used to deduce o(T) from eq. (2). As long as only radiation emission without absorption plays a role in the energy balance, the function k(T) determined from eq. (8) by using the known o(T) and e(T) values will result in a unique function of temperature, regardless of the arc diameter used in the experiment. For high temperatures where k(T) ceases to be a unique function for all radii used in the experiments, an extrapolation towards R -, 0 as described above may be used to determine temperature profiles and arc characteristics for arcs with vanishing diameter. By this procedure, it becomes possible to determine k from eq. (8) even in cases of non-negligible radiation reabsorption. Figure 6 taken from reference [15] shows the resulting thermal conductivity of nitrogen at temperatures reaching 28 000 K. A comparison of this k(T) (Fig. 7) with theoretical values [16] shows that the experiments lead to a substantially lower thermal conductivity in the temperature range up to 14 000 K where the ionization peak occurs. At very high temperatures (T > 19 000 K) In principle then, it is possible to determine the true thermal conductivity by the cascade arc technique even if radiation absorption plays a role. However, the number of experimental data required for an extrapolation R -t 0 is very large. Especially in the case of cascade arc experiments with air plasma where a substantial effort has to be directed towards the gas flow conditions in the test section (blanket gas in the electrode region), this experimental effort becomes excessive. For this reason, air thermal conductivity was determined from experiments with only one cascade diameter (Fig. 7) even at temperatures where absorption occurs within the plasma. As was to be expected, the resulting experimental data, containing a contribution related to absorption, exceed the theoretical values [17] as well as experimental data determined using a technique [14] similar to the technique used by Ernst for nitrogen plasma. 
